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Z -SECTION STIS'FEit^ERS 
By Curl A . Eoas.-mn^ Leonard M • Bartono 
ojid Charloa V . Dobrovski 

SUMtvIAP.Y 



Coc^^Dr'^sslon tests were riade on several series of 
flat panels with S-section stiffeners, in which relative 
dimensjons were varied indivlduallv. The test data 
presented show the effect of each di-ension ratio on the 
huokling stress for the sheet and on the average s cress 
at ina::rimura load, 

I^'TRODTJCTTON 

8'^'ve^-^al sories conpression tests have been made 
on oanel3%vith section stiff encrs formed from flat 
sheet (see fig. 1) to shov; the importance of relative 
dimensions in determining the strength of the panels. 
The avera^^e compressive stresses at mar.imijm load and^ 
th.- >^uck-llng stresses for the sheet obtained in tne m- 
vestipataon are presented in this report, which is an 
extension of reference 1 and which supersedes this 
r sf erence o 
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b/^ width of attacl-jnent flange 

bp width of outst&ndinf, flanre 

bg spacing of stlffeners 

byj widtli of v.cb 

t^; thlcknesp of stiffener 
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tg thJclmess of sheet 

r/. radius of bend between web and attachment flange 

rp radius of bend between web and outstanding flange 

L length 

c end-fixity coefficient in Euler column formula 

c>cr buckling stress of sheet 

^max average stress in panel at r.axlmujn load 

TEST SPECDIEKS 

The specimens used in the tests were con<^tructed of 
tfll aluminum alloy with the grain in both sheet and 
stl:.fener5 parallel to the longitudinal axis of the stiff- 
euerr, . Longitudinal stress-strain curves representa- ' ' 
tive of the group of specimens for which the ratio * 
tajY/ts was 0.51 are presented in figure 2. Inasmuch as 
the investigation of which these tests are a Dart is 
still in progress, a complete set of stress- stran n curves 
is no'G yet available, 

^^"^ ^^^^ panels were formed from sheet 
material 0,064 inch thick. Prom the value tyr = 0.064, 

the actual dimensions of any panel can be determined ' • 
from the dimension ration subsequently presented herein. 
A knowledge of the actual dimensions is not necessary 
however, because the stresses that can be carried ar^ 
established by the relative dimensions of a panel. 

The stiffeners were attached to the sheet with 
machine-countersunk flush rivets driven by an NAC"! flush- 
riveting procedure. These rivets consisted of ordinary 
flat-head rivets inserted from the stiffener side of the 
joint, the countersunk heads being formed in the driving 
process, A flush-rivet milling tool of the tvpe de- 
scribed m reference 2 was used to remove the portion of i 
the formed countersunk head that nrotruded above the 
sheet surface after driving. The rivets in each stiff- 
ener were driven in a single operation on a Cincinnati 
press brake as shown in figure 3. Machine -countersunk 



rivets of this type have be^-r. found, to be tighter than 
the conventional' flush rivets. (See reference 3.) A 
number of tests vfere nada to obtain a comparison between 
conventional round-head rivets and this new type of rivet 
when It is employed in the construction of stiffened 
panels. The results of these tests may be obtained from 
reference 1. The conclusion was that the nev; type of 
rivet is as strong as or stronger than conventional 
•pound-'head rivets used for attaching stiffeners to the 
sheet within the range of proportions included in these 
tests . 

In al] panels, the rivets v:ere A17S-T aluminum 
allov. The included angle of the countersunk head was 
60° and the denth of countersink Vvas three-fourths of 
the sheet thickness. The rivet spacings and rivet 
diameters used in the test panels are given in teri-o of 
the sheet thickness in the following table: 



4- 


Rivet spacing 


Rivet diaueter 




tc 


Oc51 


10 „0 


1.50 




12.3 


1.64 


.79 


12 . 3 


1»56 


1.00 


11,7 


1 « 9 



HSxFOD OP TESTING 



The specimens were tested v;ith flet ends in the 
1,200, 000-pound-capacity testing machine in the IIACA 
structures' research laboratory in the manner shovm in 
figure 4o The accuracy of load measurement for 
this machine was vithin one-half of 1 percent. The ^ 
ends of the specimens were gromd flat and parallel m 
a planer especially adapted for this purpose, and the 
method of alinement of the specimens In the testing 
machine was such as to maintain this flatness and 
parallelism of the ends. 



RESULTS AND CONCLUSIONS 
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Because stresses are established by the relative 
rather than the absolizte dinensions of the specimens, 
the results are x^^'^sented in nondimensional forn. 
Figures 5 to 8 and tables I to IV present test data that 
have been reduced to take into account the end fixity 
that existed in the tests. T-ie fixity coefficient for 
similar specimens tested in the same testing machine has 
been found to be about 3.75, and that value was used in 
the reduction of the data. Tv/o scales are given for the 
abscissas in figures 5 to 8 - one for a fixity coeffi- 
cient c = 1^ and the other for c = 1.5» 

The data are adjusted to ^ive stresses for panels 
that are sufficiently wide to be conriidered as having 
an equal number of stiffeners and bays. This adjust- 
ment v/as made, in the calculations of average stress at 
max3.mnm load, by subtracting from, the total area and the 
total load the area and the load for one stiffener; the 
load in a stiffener v/as obtained by extrapolation of the 
load-strain curve for the stiffener. The adjustm.ent 
was in every case less than 4 percent of the stress. 

The sheet-buckling load v.;as obtained from the load- 
strain curve for the sheet and was taken to correspond 
to the point at which the compressive strain on one 
side of the sheet began to be reduced with increasing 
loade No correction for the number of stiffeners and 
bays was made in the calculation of buckling stress 
because the stress was assumed to be uniform until 
buckling occurred. The values of sheet-buckling stress 
given in figures 5 to 8 are the averages of the values 
shown for corresponding groups of panels in tables I to 
IV. 

The important feature of tables I to TV and fig- 
ures 5 to 8 is the presentation of the actual data, be- 
cause these data enable the designer to study the effect 
of various dimension ratios on the average stress at 
maxim.um load and on the buckling stress for the shetit- 
stiffener combination. 

The following conclusijons as to the effecL of each 
dimension ratio on the average stress at m.aximum load 
and on the buckling stress can be drawn from the data 
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Bhomi in the figures and tables, if it is assumed in each 
case that the other ratio;:' are held constant. 

o\ . 

1. ^The specireiis ?javinf, ^--section stiffeners v/ith 
bp/h-,; - 0,2 deveioped less compressive stress at maximum 

load than those with tp/byr = 0,3 . 0e4,. or 0.5. Little 

change is noted in the average stress for the^ values of 
I'p/b^^j above 0.3. Changes in the ratio bp/by^T have no 

apparent effect or? the buckling stress of the sheet* 

2, The average stress at moximum load and the 
buckling stress of the sheet decrease with increasing 
values of the ratio ^5/^3. 

3r The average stress at m.aximum loac decreases 
with increasing values of the ratio l'/'o-;j over the 
range of values used. The tabulated data reveal no ap- 
parent effect of the ratio L/bv; on the buckling stress 

of the sheet over this range. 

4. The average stress at maximum load increases 
with increasing values of the ratio ty/Ztg. Although 
the sheet-buckling stresses for panels with t'^r//t3 ~ 1.00 
were higher than for corresponding groups of panels with 
t^^/tp^ = 0.51, the difference is not large and there ap- 
pears to be no consistent trend over the range of 
values of tyj/tq investigated. 

5o Changes in the ratio bir^ty; have little ap- 
parent effect on either the average stress at maximum 
load or the buckling stress of the sheet • 

Some of the foreg:oing conoius.. ons have been Vniown 
to aircraft desi'gners,^ but numerical values have not 
been available to establish the optimjairi proportions In 
a given design oroolem.. This series of tests wss m.ade 
to suooly scm*-. num.erical data. 

Lannrley '^•'^Gmoria] Aeronautical Laboratory^ 

K^ational Advisory Committee for Aeronautics, 
Langley Field, Va. 
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Figure 1." Cro5S section of a test panel. 
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Figure 2.- Representative compression stress-strain curves for test panels with ty^t^^CSI. 




Figure 4.- Panel after failure in testing machine. 



Table I 



NACA 



it 



0.2 



0.3 



0.4 



0.5 



0.2 



0.3 



0.4 



0.5 



0.2 



0.3 



0.4 



0.5 



TABLE I.- 



Dq 

-2. = 35 



TEST DATA FOR PANELS WITH 

50 



L 








(ksl) 


(ksl) 



5.4 
9.5 
13.5 
18.7 




29.9 
30.1 
26.1 
15.4 






5.7 
10.1 
14.7 
20.2 




31.5 
30.6 
25.6 
14.9 








6.0 
10.8 
15.1 
21.4 




31.2 
31.2 
25.8 
15.2 






6.4 

11.2 
15.9 
22.6 


30.4 


31.4 
30.3 
26.4 
13.4 







5.8 
10.2 
14.4 

20.0 




30.2 
27.9 
25.1 
14.6 










6.2 
10.5 
15.5 
21.4 


30.3 


32.5 
31.7 
26.6 
16.8 






6.5 
11.5 
36.5 
23.4 




30.9 
31.2 
26.9 
13.4 








6.9 
11.8 
17.0 
23.7 




32.3 
31.4 
27.0 
14.4 












6.1 
10.6 
15.2 
21,2 




29.9 
26.8 
24.1 
16.0 










6.4 
11.3 
16,2 
22.8 


30.5 


31.4 
30.7 
27.0 
16.8 








6.9 
11.9 
16.9 
23.8 




30.7 
31.0 
27.5 
17.4 








7.2 
11.2 
17.9 
25.2 




31.1 
30.3 
27.5 
17.5 









bw 



o 

cr 
(ksl) 



o 

max 
(kal) 



4.9 
8.4 
11.9 

16,8 


16.8 
16.7 


24.7 
22.3 
20.4 
12.9 




5.1 
9.0 
12.9 
18.1 


17.1 
16.6 
17.6 


26.2 
24.0 
21.9 
15.0 




5.5 
9,6 
13.6 
19.2 


17.4 
17.0 
17.0 


26.7 
25.1 
21.2 
14.6 


5,7 
10,1 
14.3 

20.2 


17.7 
17.1 
16.9 


26.3 
23.7 
21.1 
15.0 





5.2 
9.1 
12.9 
18.1 


16.1 
16.3 
16.1 


24.2 
21.6 
19.7 
12.4 




5.3 
9.8 
13.8 
19.5 




25.2 
24.7 
20.8 
15.2 


17.2 
17.6 




5.7 
10.2 
14.5 
22,0 


15.9 
16.2 
17.9 


25.9 
24.0 
22.2 
13.6 


6.2 
10.6 
15.4 
21.3 


16.1 
16.7 
17.5 


26.5 
24.9 
22.8 
15.9 






5.5 
9.6 
13.7 
19.3 


16.3 
16.8 


23.2 
21.9 
18.4 
13.6 




5.9 
10.2 
14.6 
20.1 


17.3 
17.6 
17.6 


25.6 
24.3 
22.6 
15.7 




6.2 
10.9 
15.4 
21.6 


16.2 
17.0 
17.7 


25.0 
23.8 
22.6 
16.4 


6.5 
11.5 
16.0 
22.3 


16.7 
16.8 
16.9 


25.5 
24.4 
23.0 
16.5 
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L 




max 


Bw 


(lC8l) 


(ksl) 




4.0 




19.8 


7.3 


7.0 


18.4 


10.4 


6.4 


16.0 


14.7 


7.2 


12.0 


4.1 




22.4 


7.8 


7.4 


18.4 


11.2 


7.1 


16.5 


15.5 


7.4 


12.2 


4.6 


8.7 


20.5 


8.3 


7.6 


19.2 


11.8 


6.9 


16.7 


16.4 


7.7 


12.0 


5.0 


7.3 


21.2 


8.8 


7.6 


18.6 


12.5 


7.0 


17.2 


16.5 


7.0 


13.3 




4.4 


9.0 


18.7 


7.8 


7.6 


16.0 


11.2 


7.0 


15.2 


16.4 


6.9 


11.2 


4.9 


7.4 


21.0 


8.4 


7.3 


18.6 


11.9 


7.7 


16.5 


16.6 




13.7 


5.1 


6.6 


21.0 


8.8 


7.6 


19.4 


12.5 


7.8 


17.5 


18.2 


7.2 


12.2 


5.4 


7.4 


20.9 


9.4 


7.5 


19.4 


13.5 


7.8 


17.6 


18.6 


8.2 


12.8 




4.8 


6.9 


19.4 


8.4 


7.1 


17.7 


11.4 


7.2 


15.0 


16.6 


7.0 


11.3 


5.1 


7.4 


20.0 


9.0 


7.3 


18.9 


12.6 


7.3 


16,4 


17.6 


7.6 


13.6 


5.3 


6.8 


19.2 


9.6 


7.6 


19.8 


13.5 


7.2 


17.7 


18.8 


7.8 


13.4 


5.8 


7.8 


20.6 


10.0 


8.7 


19.8 


14.3 


7.2 


17.0 


20.1 


7.4 


13.2 



20 



25 



30 



Table II 

TABLE II.- 



■c^ = 35 



NACA 



bp 



0.2 



0.3 



0.4 



0.5 



0.2 



0.3 



0.4 



0.5 



0.2 



0.3 



0.4 



0,5 



TEST DATA FOR PANELS WITH tw/ts = 0.63 
Co = 1] 



L 


i ^cr 


^max 




1 (kal) 


(kal) 



6.1 
10.7 
15.2 
21.3 





32.6 
30.3 
25.7 
14.3 








6.5 
11.5 
16.2 
22.5 


29.4 


32.0 
32.8 
26.4 
15.6 




6.9 
12.1 
16.5 
24.3 




33.5 
34.0 
2S.3 
15.4 






7.1 
12.4 
17.8 
24.6 


29.7 


33.5 
32.0 
29.4 
17.7 









7.1 
12.4 
17.9 
25.1 




31.7 
29.0 
23.1 
13.6 










7.6 
13.3 
19.2 
26.3 




33.1 
32.4 
24.7 
14.4 








8.0 
14.0 
20.0 
27.5 




33.8 
32.4 
26.1 
15.1 










7.5 
13.1 
18.5 
25.9 


29.7 


32.5 
30.9 
28.2 
17.4 








6.6 
11.4 
16.5 
22.8 


29.6 


31.2 
27.3 
23.5 
16.9 




7.1 
12.3 
17.6 
24.2 




30.7 
29.9 
27.9 
17.9 






7.4 
12.9 
18.1 
25.4 




30.7 
31.4 
28.1 
18.5 








7.8 
13.7 
19.3 
27.0 




30.4 
29.1 
27.6 
18.0 









50 



L 








(kal) 


(kal) 



5.4 

9.6 

19.3 


17.4 
15.6 
xo . o 


26.0 
23.6 

14.5 




5.9 
10.5 
14.7 
20.4 


15.9 
16.0 
17.1 


28.2 
25.0 
21.8 
15.1 




6.5 
11.1 
15.6 
21.8 


16.5 


28.3 
25.8 
22.2 
14.5 


6.5 
ll.S 
1«.S 


16.3 
16.8 
16.8 


27.4 
25.6 
22.9 
16.3 






6.7 
11.7 
lo.o 
23.5 


15.7 
16.8 


25.5 
22.7 
20.2 
11.9 






7.1 
12.4 
17,8 
26.5 


18.0 
16.6 
15.8 


27.4 

26.0 
20.6 
13.8 




7.5 
15.4 
18.8 
26,0 


15.6 
16.4 


28.0 
25.0 
20.4 
13.5 






6.9 
12,2 
17.2 
25.6 


16.9 
16.1 
16.8 


28.0 
26.2 
23.0 
17.2 






6.2 
10.6 
15.4 
21.3 




24.9 
22.2 
20.3 
16.2 


16.0 
17.0 


6.6 
11.4 
16.1 
22.6 


16.4 

16.2 
16.0 


26.1 
24.9 
22.9 
16.5 




6.8 
12r.O 
16.9 
23.8 


16.3 
17.8 
16.6 


26.8 
26.9 
23.2 
16.2 




7.2 
li.7 
18.1 
25.0 


16.1 
16.8 
15.4 


26.2 
24.0 
22.3 
17.1 
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4.8 
8.4 

12.1 
16.9 


8.9 
8.2 
6.2 
6.9 


20.4 

20.2 
15.8 
12.0 


5.1 
8.9 
13.0 
18.0 


6.9 
8.0 
7.6 


22.0 
20.2 
15.8 
13.0 


6.6 

13.8 
19.2 


7.8 

7.3 

7.7 


22.7 
21.3 
17.2 
12.5 


6.6 
10.0 
14.4 
20.1 


6.9 

7.0 
7.7 


22.4 
20.5 
18.5 
13.9 




6.1 
10.0 
15.5 
21.2 


7.3 
7.6 
7.5 
7.7 


20.9 
17.8 
14.1 
10.0 


6.5 
11.4 
1S.3 


7.9 
7.5 
8.2 


22.7 
19.2 
15.6 


6.9 

11.9 
17.1 
24.2 


7.9 
7.9 
7.9 
8.0 


22.1 
19.8 
16.4 
11.3 


6.2 
10.8 
16.6 
21.5 


8.1 
7.3 
7.1 
7.4 


22.7 
20.9 
18.1 




6.4 
9.4 

13.8 
19.0 


7.4 
6.9 

8.1 
7.6 


19.9 
17.3 
16.9 
13.1 


5.8 
10.2 
14.5 
20.4 


"7T2 
7.6 
7.6 


20.6 
19.6 
18.6 
13.8 


6.2 
10.8 
15. S 
21.4 


8.4 
7.5 
8.0 
7.9 


21.2 
21.0 
18.8 
14.1 


6.5 
11.4 
16.6 
22.6 


6.4 

8.3 

"7^0' 


21.0 
20.2 
18.0 
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>0 



L 




°max 






(kal) 


(ksi) 





20 



25 



30 



I 



NACA 



Fig. 5 
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FigurQ 5.- Strength of test panels with Z-SGCtion 
Stiffeners , tw/ts '■ {bp^/i^^WA, r^/t^ -3, rp/tw^^). 



NACA 



Fig. 6 



35 



50 



75 



30 
20 

10 



o 

0 0 
E 

1 30 
>< 

E 

is 0 

CO 





1^ 










u. — — - 
































J 


> 







































20 



30 



< 20 



10 



























































c 


r 

























































o 
















<> 

































































1 




r 










1 
















r 



























































o 














o 














r 











































A 






















F — ' 


r 





















































































J 



















































































h 
















<> 


































































— i 






b 








( 




cklin^ 
5heet 

\ i 


_ 

t 

1 



0 10 20 30 0 10 20 30 0 10 20 30 

4:-- for c = I 



.1.1.1.1 I ■ I ■ I ■ I ' 

JO 0 



I ' I ■ I ' 



20 



0 10 20 30 -400 10 20 30 40 0 10 20 30 40 

for c= 1.5 

O 02 

□ .3 

A .4 

O .5 



25 



30 



Figure 6.- 5trength of test panels with Z- section 
stiffeners, t^As '0.65 (bA/tw=l0.9, r;^/tw--3, rF/tw=4- 



Table III 

TABLE III. 



NACA 



bp 



0.2 



0*3 



0.4 



0.6 



0.2 



0.3 



0.4 



0.5 



0.2 



0.3 



0.4 



0.5 



TEST DATA FOR. PANELS V;iTH 
[c = 1] 

50 





cr 


^max 






(kal) 



O . D 

11.6 
16.7 
23.0 




• J. 

31.8 
27.7 
16.9 









12.5 
17.9 
25.3 




o*t . o 
34.4 
26.9 
16.5 








7,4 
13.2 
18.7 
25.8 


27.4 


35.7 
34.6 
29.7 
16.8 






7.6 
13.3 
18.9 
26.6 




34.8 
33.7 
27.7 
17.6 


31.6 
26.1 





7.1 
12.5 
18.0 
24.9 




32.8 
29.7 
25.7 
16.2 




7.6 
13.3 
18.7 
26.0 


28.3 


37.0 
32.6 
28.2 
17.6 






8.0 
13.9 
20.3 
27.4 




^5.2 
33.3 
29.3 
17.1 








7.9 
13.9 
19,8 
27.5 




33.2 
33.8 
27.9 
17.7 










7.2 
12.6 
18.0 
25.4 




32.0 
27.7 
23.6 
17.3 








7.6 
13.5 
19.1 
26.5 


28.4 


33.8 
32.0 
28.5 
18.6 








8.1 
14.0 

20.1 
27.8 




32.5 
31.7 
28.2 
17.5 






8.0 
14.1 
20.2 
28.6 I 




31.2 
30.2 
26.5 
17.1 











L 






b|7 


(ksl) 


(ksl) 



10.8 
15.5 
21.5 


18.7 
18.8 
17.5 


26 . 9 
24.1 
21.5 
16.3 


D . O 

11.5 
16.5 
22.7 




<io . f 
27.2 
23.4 
16.2 


20.5 
18.9 




6.9 
12.1 
17.3 
24.5 


16.9 
19.0 
18.7 


29.6 
27.2 
23.2 
16.4 


7.2 
12.3 
18.0 
24.5 


17.6 
18.8 
18.7 


29.7 
28.5 
23.1 
16.4 





6.7 
11.7 
16.8 
23.4 


17.2 
18.2 


28.4 
24.3 
22.8 
15.9 


7.1 
12.3 
17.9 
24.8 




28.9 
28.2 
24.4 
16.9 


17.6 


7.5 
13.2 
18.7 
25.8 


14.4 
18.6 


29.2 
27.8 
23.3 
17.0 




7.5 
13.3 
18.8 
26.7 


18.5 


28.5 
27.4 
23.5 
17.2 


17.4 






6.8 
11.9 
16.6 
24.1 


19.2 
20.1 


25.3 
22.7 
20.2 
17.3 






7o7 
12.8 
18.1 
25.4 


19.1 
19.5 
19.1 


27.8 
26.6 
23.6 
17.6 




7.6 
13.3 
19.3 
26.5 


18.6 
20.1 
18.4 


27.6 
26.8 
22.6 
17.2 


7.6 
13.6 

19.5 
27.4 


17.9 


26.9 
25.0 
23.7 
16.5 









ty/tg = 0.79 



75 



6.6 


7.4 


21.3 




7 Q 


IQ ft 


14.1 


8.4 


16. 1 


19.6 


8.3 


12.6 


o • y 


y .D 




10.2 


8.7 


21.7 


14.6 


8.8 


17.4 


20.7 


9.6 


12.7 


6.2 


9.7 


24.7 


10.8 


9.1 


23.1 


16.2 


8.6 


20.4 


21.7 


8.7 


14.2 


6.6 


8.2 


24.2 


11.3 


9.3 


22.3 


IB. 3 


8.0 


19.4 


22.6 


8.4 


13.3 



6.1 


8.8 


21.3 


10.6 


7.9 


18.7 


16.2 


9.2 


16.6 


21.2 


8.7 


13.3 


6.5 




23.6 


11.3 


9.4 


22.2 


16.2 


8.6 


19.3 


22.6 


9.2 


13.8 


6.8 


10.1 


24.4 


12.0 


7.9 


22.6 


17.2 


9.1 


19.5 


23.8 


8.2 


13.4 


6.9 


8.8 


23.6 


11.8 




22.9 


17.0 


7.9 


19.9 


24.0 


8.2 


14.2 




6.3 


9.0 


20.8 


10.9 


8.6 


17.8 


16o7 


8.8 


16.3 


21.8 


8.9 


13.7 


6o6 


8.9 


22.9 


11.7 


8.6 


22.3 


16«6 


8.6 


19.2 


23.2 


7.9 


14.4 


7.1 


9.0 


23.6 


12.5 


9.0 


21.6 


17.8 


8.8 


19.7 


25.1 


8.9 


14.0 


7.2 


8.1 


22.5 


12 o7 


8.8 


20.9 


17.8 


8.8 


18.9 


25.4 


8.1 


14.8 



I 



L 


0 

cr 


0 

max 


bw 




(kai) 


(ksl) 





20 



25 



30 



ra. wreiT 



NACA 



0.2 



0.3 



0.4 



0.5 



TABLE IV.- TEST DATA PGR PANELS WITH 

Co = 111 



50 



tv;/t3 = 1.00 



^3 


= 35 




L 


<'cr 


^mox 




(ksl) 


(ksl) 



75 



7.2 
12.7 
18.1 
25.3 




33.8 
30.4 
26.7 
16.8 








7.6 
13.1 
18.9 
24.8 




36.3 
32.8 
26.8 
17.6 








7.9 
13.7 
19.6 
26.4 




36.7 
33.7 
27.3 
17.5 








8.3 
14.2 
20.4 
28.5 


33.0 
32.2 


36.1 
34.1 
28.0 
17.2 



L 








(ksl) 


(ksl) 



6.8 


19.5 


27.6 




6.3 


8.3 


22.2 


12.1 


19.7 


26.9 




10.9 


9.2 


19.9 


17.1 


20.6 


22.3 




16.6 


9.0 


17.4 


24 .0 




16.0 




21.6 


9.1 


13.7 


7 2 


xc? . c 


30 2 




7.3 


8.6 


24.0 


12.4 


18.4 


27.8 




11.5 


7.7 


23.2 


17,7 


18.6 


23.2 




16.4 


8.6 


18.3 


25.4 




18.5 




23.2 


8.6 


14.6 


7.4 


18.8 


31.6 




7.0 


9.7 


25.9 


12.9 


18.0 


29.1 




12,3 


8.4 


23.8 


13.8 


17.5 


24.1 




17.5 


8.3 


20.1 


25.8 




16.7 




24,6 


8.9 


14.3 


8.0 


20.0 


52.0 




7.2 


9.0 


26.1 


13.8 


19.0 


28.2 




12.9 


8.5 


24.7 


19.6 


17.6 


23.2 




18.3 


8.7 


20.2 


27.1 




16.5 




26.5 


9.2 


14.8 



I 



L 










(ksl) 


(kal) 





20 



0.2 



0.3 



0.4 



0.5 



0.2 



0.3 



0.4 



0.6 



7.4 
12.9 
19.1 
26.1 




31.6 
26.8 
22.9 
17.3 








7.8 
13.9 
19.3 
26.9 




33.5 
31.7 
27.3 
18.1 








8.1 
13.8 

20.0 
27.1 




35.4 
31.8 
28.7 
16.4 










8.3 
14.6 

20.6 
28.7 


32.7 
31.6 


35.3 
33.1 
26.3 
16.8 






7.6 
13.2 
18.7 
26.4 




29.7 
25.5 
21.7 
16.8 










8.0 
14.0 
19.9 
28.0 




33.1 
29.4 
23.6 
15.0 








8.4 
14.4 

20.8 
28.9 


32.4 


33.3 
31.6 
23.8 
15.1 






8.5 

14.8 
21.2 
29.4 




32.7 
30.1 
26.0 
13.5 











7.2 

12 •a 

18.2 
24.7 


20.9 
19.6 


26.9 
24.6 
21.2 
16.7 






7.4 

13.0 
18.5 

26.0 


19.2 
19.4 
18.6 


29.6 
27.1 
24.3 
17.2 




7.8 
13.7 
19.1 
27.5 


16.4 
19.9 


31.0 
27.7 
24.5 
18.0 






8.1 
14.1 
19.9 
28.6 


19.5 
20.1 
20.1 


30.8 
27.9 
23.9 
17.5 




7.3 
12.8 
18.2 
25.2 




26.0 
21.7 
19.9 
15.8 










7.8 
15.4 
19.3 
26.6 




28.2 
25.9 
23.3 
16.6 








8.2 
14.0 
20.2 
28.4 


18.9 
17.8 


29.0 
27.6 
21.8 
16.6 






8.3 
14.7 

20.8 
28.5 


20.0 
19.3 


28.1 
26.3 
22.7 
16.1 







6.7 


8.9 


21.6 


11.6 


8.9 


18.8 


16o8 


9.1 


18.0 


OK A 

25.4 


8.9 


13.7 


7.1 


9.2 


24.2 


12.0 


8.2 


22.4 


17,4 


8.3 


20.7 


24.4 


9.2 


14.7 


7.2 


7.5 


26.8 


12.5 


8.8 


24.1 


18.2 


8.3 


21.1 


24.6 




14.3 


7.7 


8.6 


25.6 


13.3 


9.3 


23.9 


19.1 


8.8 


21.6 


26.3 


9.5 


14.1 






6.9 


8.8 


21.3 


11.9 


8.9 


18.7 


17.1 


8.9 


16.1 


23.4 


10.0 


14.1 


7.4 


8.6 


23.9 


12,7 


8.6 


21.6 


18.5 


8.6 


19.6 


25.8 


8.6 


14.6 


7.6 


8.0 


24.2 


13.4 


8.8 


22.8 


19.1 


8.5 


20.8 


26.6 


8.4 


14.8 


8.1 


9.5 


24.0 


14.0 


8.8 


22.4 


19.8 


9.3 


20.2 


27.7 

.r. .. 


8.4 


14.1 



26 



30 



NACA 



Fig. 7 
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Figure 7- Slrength of test panels with Z- section 
stiffeners. tv//ts*0.79 (b;^/tvy-9.8,r;^/tw-3, rp/t^'^). 
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Figure 6.- Strength of test panels with Z-section 
stiffeners, t^/ts'lM (b^/tw=<3.6. rA/tw'3. rp/tw-^ 



